In a national cohort comprising 1.5 million Danes born from 1966 to 1992, we studied the association between childhood socioeconomic status (SES) and the risk of multiple sclerosis (MS) from 1981 to 2007 using information about household income and parental educational levels at the person's 15th birthday. The association between childhood SES and MS was evaluated using MS incidence rate ratios with 95% confidence intervals obtained in loglinear Poisson regression analyses. We found no strong association between childhood SES and MS but did observe a tendency toward a reduced risk of MS among children from households with more highly educated parents, particularly mothers. Children whose mothers had a secondary (rate ratio = 0.95, 95% confidence interval: 0.86, 1.04) or higher (rate ratio = 0.86, 95% confidence interval: 0.76, 0.97) education had reduced risks of MS (5% and 14%, respectively) compared with children of mothers with a basic education (P for trend = 0.02). Results were practically unchanged in an analysis restricted to persons aged 15-29 years, among whom the possible effect of own SES on MS risk is considered limited. Overall, SES in childhood seems of no major importance for the subsequent risk of MS; however, offspring of well-educated mothers may be at a slightly reduced risk of MS.
Danish population (20) , were used to identify a study cohort of more than 1.5 million men and women born in Denmark from 1966 to 1992. To ensure virtually complete information on SES, we restricted the study cohort to children born in Denmark to Danish-born parents.
MS outcomes
MS cases in the study cohort were identified from the Danish Multiple Sclerosis Register, which was established in 1956. Since then, the register has collected information about Danish MS patients from all Danish departments of neurology, practicing neurologists, MS rehabilitation centers, departments of neuropathology, death certificates, and since 1977, the Danish Hospital Discharge Register (21) . All cases have been classified by neurologists from the Danish Multiple Sclerosis Register. In the present study, we included cases that met the diagnostic criteria of Allison or Poser (22) , including definite and possible MS (when other diseases are ruled out) but not clinically isolated syndrome or poorly documented cases. The date of diagnosis of MS was recorded according to calendar year. We operationally defined date of diagnosis as July 1 in the recorded year of diagnosis unless the person died within the same year. In that case, the date of diagnosis was defined as 1 month before death.
Childhood socioeconomic status
Information about household income during childhood and parents' educational levels was obtained from Statistics Denmark, which contains annually updated data about educational status and income for the entire Danish population from 1981 to the present (23, 24) . Likewise, information about households with children (i.e., persons <18 years of age) was obtained from Statistics Denmark. Households with children were divided in 4 categories: 1) married couples with children, 2) cohabiting unmarried couples with children, 3) single persons living with children, and 4) children not living at home. Parents' educational levels were determined by the highest education of the adult woman or man living in the household at the index person's 15th birthday, even though these adults were not always the biological parents of the children living in the household. We had no information on parental educational levels or income for children not living at home.
Statistical analyses
Each cohort member contributed person-years at risk from his or her 15th birthday until MS diagnosis (or first symptoms of MS), date of death, emigration, disappearance, or January 1, 2008, whichever came first. Person-years at risk and MS outcomes were stratified according to values for the following covariates at the child's 15th birthday: maternal educational level, paternal educational level, household category (see above), number of other children in the household (0, 1, ≥2, or missing), and household income. Maternal and paternal educational levels were categorized as basic (basic school), secondary (high school or vocational education), or higher (short (1-2 years), medium (2-4 years), or long (≥5 years) duration). Annual household income level (in quintiles) was calculated as the sum of adult household members' incomes for the particular year divided by the family consumption unit; the family consumption unit is the sum of individual family members' consumption units, with the first adult contributing 1.0 consumption unit, persons older than 13 years of age contributing 0.5 consumption units each, and children aged 0-13 years contributing 0.3 consumption units each, according to a slightly modified version of Organisation for Economic Co-operation and Development recommendations (25) . If all persons in the household were less than 18 years of age, household income was calculated as the sum of the household members' incomes and the oldest member of the family, although not an adult, contributed 1.0 consumption unit, and the others were assigned values as described above. Person-years at risk and MS outcomes were furthermore stratified according to time-dependent values of age and calendar period (both in 1-year intervals). Persons diagnosed with MS before January 1, 1981, or before the age of 15 years were censored.
Information about possible confounding factors was obtained from the Civil Registration System and Statistics Denmark (23, 24) . Information on the mother's and father's ages at childbirth and the child's birth order was obtained from the Civil Registration System, whereas information on parental marital status and the number of children living in the household was obtained from Statistics Denmark. Information about parental cases of MS was obtained from the Danish Multiple Sclerosis Register.
The statistical analysis of the resulting table of stratumspecific MS incidence rates was carried out as a log-linear Poisson regression analysis, yielding incidence rate ratios of MS with likelihood-based 95% confidence intervals and homogeneity tests. In a regression model that included sex, age, and calendar period, variables that changed rate ratio estimates for associations of maternal educational level, paternal educational level, or childhood household income with MS risk by more than 10% were included as confounders. The final model included sex, age, calendar period, household category, and number of other children in the household. Trend tests based on ranks of the categorical quantitative variables were carried out but only after acceptance (P ≥ 0.05) of the corresponding model reduction from a categorical to a linear description of the association between MS and the variable in question. To examine the potential importance of timing of SES exposure in childhood, the analysis was repeated using parental educational level and household income at 7 years of age instead of 15 years of age.
Robustness analyses
Participants in the oldest birth cohort, born in 1966, were 41 years of age at the end of follow-up in 2007. To evaluate the possible influence of one's own SES on the risk of MS, we repeated all analyses with the age interval restricted to 15-29 years of age, during which period parental SES was likely to be more influential on health and health-related behaviors than was one's own SES. In the primary analysis, we used date of diagnosis as date of onset of MS. However, because many years may pass between the first symptoms of MS and the diagnosis of MS, we repeated the analyses restricted to persons 15-29 years of age in a second robustness analysis, this time using the recorded date of first symptoms as the date of MS onset.
RESULTS
In the cohort of 1,569,026 men and women born between 1966 and 1992, a total of 2,205 cases of MS were identified in the Danish Multiple Sclerosis Register between 1981 and 2007 ( Table 1) . Level of household income had little impact on the risk of MS. However, children of more affluent parents tended to be at a slightly reduced risk of MS compared with children from the poorest households (P for trend = 0.09). Having parents with higher educational levels was also associated with a slightly reduced risk of MS. Children whose mothers had a secondary or higher level of education were at a 5% (rate ratio (RR) = 0.95, 95% confidence interval (CI): 0.86, 1.04) and 14% (RR = 0.86, 95% CI: 0.76, 0.97) reduced risk of MS, respectively (P for trend = 0.02) compared with children whose mothers had a basic level of education. Similar rate ratios for children whose fathers had secondary or higher levels of education were 0.93 (95% CI: 0.84, 1.03) and 0.93 (95% CI: 0.82, 1.06), respectively (Table 1) . Repeating the analyses using SES at 7 years of age instead of at 15 years of age produced similar rate ratio estimates (Table 1) .
Robustness analyses
To minimize the influence of the participants' own educational levels and own incomes, we repeated the analyses to include only follow-up to 15-29 years of age, using either date of diagnosis or date of first symptoms as the date of onset of MS. Rate ratio estimates similar to those seen in the primary analysis were observed. Thus, we found that offspring of mothers with secondary or higher education were at 10% (RR = 0.90, 95% CI: 0.79, 1.02) and 13% (RR = 0.87, 95% CI: 0.75, 1.01) reduced risk of MS, respectively, when we used the date of diagnosis as the date of MS onset (P for trend = 0.04). Corresponding rate ratio estimates obtained in analyses in which we used the date of first symptoms as the date of onset of MS were 0.89 (95% CI: 0.80, 1.00) and 0.80 (95% CI: 0.69, 0.92), respectively (P for trend = 0.001). A similar, although less pronounced, tendency was observed for paternal educational level. Overall household income appeared to have no influence on the offspring's subsequent risk of MS; however, using date of first symptoms as the date of onset of MS revealed a statistically significant trend toward a lower risk of MS among children with more affluent parents (P for trend = 0.03) ( Table 2) .
DISCUSSION
To the best of our knowledge, this is the first nationwide cohort study that addressed the association between childhood SES and the risk of MS. We observed no indication of a strong link between SES in childhood and the risk of MS in Denmark, but our findings suggested a slightly reduced risk of MS among persons who grew up in well-educated households. Our findings are in contrast to those from previous studies that dealt with childhood SES and risk of MS, which reported either a higher risk of MS among children who grew up in more affluent settings (5-7) or no association (16, 17, 26) . As adult and childhood SES are correlated (27) , our study also appears to contradict previous observations of an increased risk of MS among adults with a higher social class (10, 11, 28) , a nonmanual job (11), or a higher level of education (9, 29) . The association between MS and high SES has been explained by the so-called hygiene hypothesis, which suggests that improved sanitary conditions and smaller family size may delay the age at exposure to common infections, which in turn may lead to an aberrant immune response and eventually increase the risk of MS (30) . However, in a recent case-control study, we found no association between age at childhood infections and the risk of MS (26) . Issues such as difference in access to medical services or the likelihood of consulting a general practitioner among social classes could explain the observed increased risk of MS among individuals of higher SES (10, 31) . In addition, the majority of previous studies were either crosssectional surveys or case-control studies that relied on selfreported information on SES, which does increase the risk of bias.
Our results agree with those from a recent US casecontrol study based on the Nurses' Health Study. Recent studies have suggested that SES not only in adulthood but also in childhood are important predictors of adult health. Thus, lower childhood SES seems to be associated with an overall increased mortality rate (34) due to excess rates of death from cardiovascular diseases, respiratory diseases, diabetes, and cancers (27) . The level of parental education seems to play an especially important role in relation to a child's future educational level, professional career, attitudes, and health-related behaviors (27) , such as tobacco smoking. Smoking (35) (36) (37) (38) is one of few environmental factors that have repeatedly been linked to an increased risk of MS. Unfortunately, data concerning own or maternal tobacco smoking and alcohol consumption was not available in our register-based cohort study. However, in a French case-control study of 129 pediatric MS cases and 1,038 controls, parental smoking in the home was found to double the risk of pediatric MS (39) . A recent study from the United States furthermore found a 3-fold increased risk of MS among offspring exposed to maternal smoking during pregnancy (40) . This is compatible with the study by Hedström et al. (41) in which the authors reported a 30% increased risk of MS associated with passive smoking and another
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Am J Epidemiol. 2013;177(11):1289-1295 study (32) in which investigators found a 24% increased risk of MS in adulthood among women exposed to passive smoking in childhood, although this association was attenuated when restricting the analysis to never smokers. The slight reduction in risk of MS among offspring who grew up in well-educated households might be a reflection of a more general pattern of socioeconomic inequalities in morbidity that exists even in Western welfare societies like Denmark (42) .
From our Danish data, it seems that maternal educational level may be slightly more important than paternal educational level in relation to the offspring's risk of MS. Maternal educational level has previously been shown to be an important determinant of infant mortality (43) and child health (44) (45) . Women with a higher educational level are more likely to comply with medical advice and make use of healthcare services not only during pregnancy but also later as parents. Thus, a mother's level of education is considered a significant predictor of whether a child will get proper medical and sick care (44) and furthermore seems to be related to the promotion of more healthy behaviors in childhood, such as nonsmoking and moderate alcohol consumption (45) . This maternal "gatekeeper" function has also been shown to have broader long-term implications for the child's physical and psychological health status in adulthood, whereas the paternal educational level appears to be less important (46) (47) (48) , although some controversy does exist (49, 50) . Interestingly, trends in smoking behavior from 1985 to 2000 differed between men and women. Whereas a decline in smoking frequency has been observed for men with a low educational level as well as for those with a high educational level, the prevalence of current smokers among women only seems to decline among women with high levels of education (51) . A person's own adult socioeconomic conditions might influence or blur the impact of childhood SES among persons 15-41 years of age. In an attempt to address this possibility, we conducted a robustness analysis in which we restricted the observation window to the age interval of 15-29 years, during which parents' socioeconomic conditions are likely to be particularly relevant. Rate ratio estimates in this robustness analysis were practically unchanged, leaving little room for major confounding by one's own socioeconomic achievements.
The age 15 years may or may not be the most relevant age for exposures in childhood that are linked to childhood socioeconomic conditions. We repeated the analysis using SES at 7 years of age, which revealed practically unchanged results.
The Danish Multiple Sclerosis Register is characterized by high degrees of validity and completeness (22) , which makes bias in the registration of MS related to SES unlikely to have influenced our results materially, even more so because the Danish healthcare system is publically financed and free of charge for Danish citizens. Our nationwide register-based cohort study made use of 2 population-based registers. This eliminated selection and recall biases, which may have influenced findings in prior studies using other study designs. Of note, however, is the fact that the Danish findings might not apply in other countries or populations with social conditions and family structures that are markedly different from those prevailing in Denmark. Likewise, as our study cohort was rather young, findings may not necessarily be generalizable to older populations. Finally, increasing participation of mothers in the labor market, changes in family structure, and use of child-care arrangements make findings concerning childhood SES difficult to compare and interpret across different time periods.
In conclusion, we found no indication that childhood socioeconomic conditions contribute importantly to the risk of MS in Denmark. However, we observed a tendency toward a reduced risk of MS among children who grew up with well-educated parents, notably mothers, a finding that is in contrast to prior reports of higher MS risk among socioeconomically privileged persons.
